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A LATE PLEISTOCENE OCCURRENCE OF DIPROTODON AT HALLETT COVE,
SOUTH AUSTRALIA

by N. S, Peenae , 1 R Prescort & O T 10 rron:

Summary

Pronet, NS Prescost, LR & Hiros, | T (2002) A lute Plestocene veeurrence of Bipraradon at Tlallel
Cove, South Avstel i, Trans R Seec. 8 st 120010), 39, 31 May, 2002,

Despite Diprofodiom Tossils ocenrring widely aeross Avustralia, antil recently. W linds have been adequately
dated. This s due 1o several reasons, primacily the inadequacies ol the radiwearbon methods. Mew datine
methods, wheh cotiicidentally inercase the darble nge range, ave been developed i recent years, One ol these
1o thermuluminescenee (1LY danng. Yer there are sull tew reliably dated Dipriiodent specimens becinse they
it he totnd and dated g vt A chanee discavery in 1992 giive the anthors an oppartanity (@ st one ol these
new methods wid at the same me solve i thiry year old mystery. A acticalated. portion of i Liprotodon
skeleton found o 1 aller Cove is associted widy sediment Tsdated toaboutl 55 000 years, and v alsoz possible
songres Tor i Tossil taath Townd opcthe nearby Feach i 1977,

oy Wants: Dipratesdon, Tlallen Cove, thermoluminescence dating. late Plaistocene,

Introduction

My specimens ol Diprotodon have been found
since s discovery hy Major Mitehell in the
Wellington Valley, NSW, i the carly 19" Century,
and  precise ages (o Lhis, the largest known
matrsupiil, have fong been saught. Many, il nof most.
discoveries were made belore the development of the
C-14 method of radiometric dating. Others were
demonstrably  beyond (he datable age range and
raciocarbon dating of older material has been shown
(o be anreliable (Chappell or al. 19962 Roberts er al.
2000). Sl others could wot be dated for want ol
sutlicient preseryved carbo.

[0 1992 Nl Westlake, whilst walking his dog in
o newly designated council reserye at Hallett Cove

(Iig. 1), 25 km south-southwest of the city of

Addetuide, noticed what appeared to be g large white
bone (Fig, 2) eroding oul ol wn old exposure of a
[ormer private road. Closer examination supporfed
this adentification, and Mr Westluke subseyuently
informed the South Australinn Museunt, although he
wits sure that 1he relevant people would have known
about it already, The adcurrende was not Known and
vl was immicdiately organised,

On 26 June, 1992, Mr Westlake guided the sepior
author and student Gavin Prideaus o the site. an old
roud-cutting through a spur of mllside overlooking
the Field River, not far from the beaeh at Hallen
Coyetabout 33% 497 South, 138°% 29 8" Last) 'The
bank was more than 2 m hingh, and the bone was
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exposed about 1.5 m hélow the top and about 2 m
above the surfiiee of the nearby bridge. Across the
road, the hillside [ell steeply Lo the river about 5 m
below. The hane was examined jn sine and appeared
10 be part ol the pelvis of o laege animal und, because
itoway Tossilised and =0 large, probably of a
diprotodoniid. With some difficulty, the hone was
excavated without preatly enlareing the culting and
pluster-jacketied for rransport.

Materialy and Methody

The gacker comtaming the specimen was opened in
the laboratory and the sediment removed from
around the bone by scraping with a small dental wol,
often when the soil had heen soltened wilh water.
The bone was hardened  piccemeal during this
process, using, a dilute soluton of Bedacrylie
acctone, The stratigraphic scetion was measured
aller the excavation, using 4 tape-imeasure, Other
measuiements were made by verner caliper or ruler,
as warranted.

Samphing lor thermalumimescence (TL) dating
(Atken 1985 Wintle 1997) wis carried out by
Prescott and Hutton and several graduate students
from the University of Adelaide Physics Department
on 28 August, 1992 (Fig. 4).

T hree horizontal auger holes were drilled mto the
bank (Fig. 3) w bracker vertically the position of the
bones, which had been removed carlier. TL sumples
FRIS/AO.O FRIS/AS and FR1S/20 were collected
for laboratory analysis, at depths below the wop ol the
cutting of 0.9 m, 1.5 teand 2.0 0. respedtively, (i
Sil gamma ray speciromelen measuremenls weie
made i the same holes rom which the T1 samples
were collected, at abo 0.5 m depth into the exposed
face ol the cuting.
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Fig. [. Locality map; the fossil site is in a council reserve on the Field River.

Gamma ray spectrometry gives a direct measure of

the radiation dose rate due to gamma radiation under
prevaiting field conditions and subsequent data
analysis gives the concentrations of K, U and Th.
These are then used for caleulating the total dose
rates [rom radiation in the environment, and lor
comparison with independent measurements in un
assessment ol the likelihood  of  radioactive
disequilibrium in the deposits.

The age is caleulaled rom the age equation:
age (ka) = Equivalent dose (Gy)
dose rate (Gy/ka)
where doses are measured in grays (Gy) and ages in
kiloycars (ka).

Quartz grains in the 90-125 pum size range were
extracted [rom the samples by standard procedures
(Huntley er af. 1993).

The selective bleach method was used to find the
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cquivalenl doses (Prescotl & NMojarrabi (9930, [his
method was developed (o reduce (he uncerfainly in
the level of sokir bleaching, which resets the [
clock. The protweal uses optical filters W select the
rapidly  bleached  component of the TL. The
equivident dose 18 delermined by compuring (he
matural L signal with one pgenerated in the
Inboratory hy a standard radioactive source. The

specific method s known ag “The Auatralian Slide

(Prescoll ¢f af, 1993),
Results

[l fossily

The main specimen was [aund to comprise purls ol
Bath Jeit and vight pelves sall arieolated with the
saeral veriebrae, plus an adjoining lumbar vertehra

Aand @ fragment of the first gidal (SAM PR3487)

ind g5 considered (o represent the gimt maesuprdl
Dhiptrettectens Chwven TH3Y (g 3),

The pelves form w fairly Dac plae ar o sligh angle
to b vertebral axis. The pectabulum diameter =
abhoul 1O s, thesemi ter-acetahulur width (l‘igl\l
gide) 14 about 200 mm, the sacral fength about 130
mm and the ischio-iliae Tength is about 440 mm. | he
verlebrue are nob well preserved excepl lor [heir
ieural arches: a lumbar vertebra has a centrom awith
A transverse diameter of about 80 mm and length of
GO . These measurements dre withm the rnge of
specimens of fpetaddoirspp. Trom Lake Callibonna
in the cotleetions of the South Australion Musetim
and, uller comparison with the pelvis of @ skeleton
displayed in the South Australian Musewm, the
Hlallett Cove specimen is considered o bea subadull
or [emale individual, Speeilic identity is not possible
un the minerml preserved.

Preservution 15 not good. The bones are not
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petritied,  heing  racher  ¢halky, leached  and
unmineralised and held together largely by the
supporting sandy loam. This eireumstance proved ta
be both ahelp and o hindranee during (he preparation
Ol 1he specimen, as the bone was Tairly casily eléanced
bt had W be consohdated und strengthened during
the process because it would not support much
waight, The specimen is consequently Tragile with
numerons fine eracks presumably gssocinied with
sonl mpvement. The lower surface ol the specimen in
the sediment (the animal’s dorsal side) s Firly
complete with only some crushing ol high points
steh os the dorsal processes of the neural arches. 1'he
upposite surface is less well-preserved with mueh
missing bane and irregular ends; presumably where
eaposed, unburicd parts had been croded by the
clepients or meoming sediment, Although sofi and
suscepiible o fater damage, no cut marks, cither
ronm seavenger leeth or hunter™s (ools, were seen on
any hone but no Timb bones. which might have been
NOre Iractive largel, are present.

M the process of exéavation, a few more honds
were Jound in close assoctation with the pelvis, One
ol these bones.a fragment ol immature lefl mandible
(SAM P3S074), supported the identification ol the
pelvis ws Diprotadon. This specimen, from which
crnpting checksteeth had fallen leaying only o baiely
worn meisor, 15 only 42 mm deep al the first molar
ulveolus, ws compared (o 100110 mme o more i

adul animals. Fragments of a ligle-worn Mool

Diprviacdon were also found, Another bone was of 4

large Kungaroo, Macropus? sp. Several shells of

simall saxiealons lund snailse Suecinca australis
Perussae, 1821 (Suecinidae) and Perecloceses ardent
fredule, 1937 (Hehicaronidae) (R, Hamilton-Bruce,
pers. compn 6 July 2000, apparently the first
recorded Jossil occurrence of these species in
Australia). ocowr in the Fine sediment surcounding
the honds, together with fragile moulds of fine stems
such as are seen in Chara-himestones inomodern
stream-pool deposits.

Cretdlogy

The fossiliferous sequence appears o be o
margmal Tacies of the Pooraka Formation. recently
redated by Bourman o2 al. (19975 Much ol the
Diprestodon skeleton had  been lost, cither hy
disarticulnton or erosian before complete bural, or

as o uoresult of road-building  excavations,  [he
remaining bones lay  upside-down i o shallow
depression tilled sith poorly-sorted coarse sand, on
a bed @l somewhat curent-imbricated pebbles ol
Precambrian sandstone and shale of apparently loeal
arigm (g, 3). The sandy horizon 1s lenticular and
extends several metres on either side of the bones
betore pinching out. The pebbles, mnging up 1o some
S em i diasmeter, oceyr in beds 10 @ 30 em (hick
above and below the sand and are subapgular 1o
subrounded, Similar beds, alternating with sandier
horizons, ocear throughout the sequence exposed i
the cotting. Bedrock ol steeply-dipping, slightly
metamorphosed  Proterozoic shates and  quartzes
oceurs within 10 m Jalerally, and evidently forms
part ol the original valley wall.

I'he stratigraphic scquence w the site of the hones
is summariscd helow,
Soil - al least 0.3 miat lop ol culling.
Flagey, sheety, calerete-cemented coarse gravel, pale
brown—(.55 m.
Marly silty sand, pale pinkish buf—0.30 m. 11
saple FRIS/AO.0,
Fine (up o 10 mm) bedded gravel lens. becoming
coarser (o cast and west. bal =010 m.
Marly silty sand, pale boft—(3.20 m. pinehing out
faterally, Bones and saxicolous snails within this
interval. Thsample 'R1S/LLS.
Coarse gravelly sand, angular clasts up to 50 mm.
roughly imbricated, light hrown (.20 m, thickening
cither side,
Brown silly eliy - no base seen Dstimuled deptl o
hridge level 1o 2 mo TE sample PRS2 near top
ol this unit (see Fig,3). Height of bridge aboye
standing waer level ahou 3 n

Ape

Unfortunately, the quarts TE samefimes reaches
dose saturation gt o relatvely low dose level and
here, the two deepest samples. FRISS  and
FRIS/2.0 were approaching this satiuration. A
consequence is the relatively large dneertainty in the
age of FRIS/ LS. A pilot ineasurement vn RIS
showed thai it was unlikely to yield a date for the
same reson and so dating was not attempled, The
pilot resulr is conmistent with this sample being, the
oldest of the three.

Flemental analyses were obtained  from feld
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sy ray seintillometry for k., U and The by X.ray
specirometry (XRS) [or Kz and by thick source alpha
particle counting (TSAC) for Uand “The The tharium
concentration was checked by peatron activanion
analysis (NAA) Tor TRISOY and FRIS/AS Good
aercenient amonye (e methods indicates that, witlin
the uncerlainties ol measureinent. there 15 no
tadivaeuve discguihbrivm i the samples.

Tohle 1 shows the components of the age
cileutation and the ages 1or the twa dated samples,

Diseussion and Interpretation

Conpments o Teylle |

Fhe equivalent dose and ils coror wre outpal [rom
slatistical  fitiing  programme. The  errors e
reliuvely large becanse the inherent vinrahihiy ol
quartz T md the near dose-sufuration of the 11
ke precise curveslithng - problematic,  tor
PRISO8, the Dting progrumme encountered no
difliculties and there was a satistactory dose platead.
Sarple FRIS/TS svas quite elose 1o dose saturalion
and his g somewhat Targer uncertainty,

There are two independent vildues Jor the dose rafe:
() field gammua ray seintilometry and (2) XRS tor

K, NAA [ov Th, thick source alpha counting for UL

[he apreamait between theny s gratitying, A
contribution from cosmic rys 15 melyded (Prescoll
& Tholton 19940, Althangh no equivalent dose (and
no ape) was measured for FRIS/200. the dose-rate
At re meluded for comploreness.

Phe coror i age 1s detepmined almost exclusively

by the uncerlainty i the equivalenl dose, 1The

ciuivalent dose and age of FRIS/O9 are well
desenhed by the yuoted ligures. For TRIS/LS the
dose elirve is approaching saturation. Although the
crror guoled Tor e equivalent dose s objectively
found by the lilting procedures, the ermr imits in the
ace are asyinmetric, This asymmetry lies within the
linnts showi in the table which are one standard
crrot, AL 93% confidence, with allowance o (his
asymmetry, the aee hies within the interval 42--70 ka

Systemadic ervars inelude variahility ol sarer
content, beciuse the dose rate depends o this. In
kecpng with Adelaide luboratary practice. the age js
Yuiied for the observed water content ¢ 18% ol dry
wentht Tor the whole profife),  Vlow much i miy
ave varfed tnothe pust s u ntier of professional
Juelgerment, Porall leyvels s this sile, & 1% inerease in
witler resulls oo 1% decrease in dose rale. Thus, il
the average water content in the past had been %y
higher. then the dose rute and the measured
ciuivident dose sould ave been Tover and (he
present=day age estimate would be 1% low. Cosnue

NSO IS s e e Gt ob Bt P el tsent 0 |
M

vay varahility provides inother possible sotrée of
systemabie error buly st this site, 10 s ol no
conscquence.

Cicalagivul istory

Some TOU 000 years ago, when world seaslevels
were mueh lower and (he Gull” SL Vincent was i
broad plain dramed by the ancient River Vineent thit
Oowed W join the River Muray o the cast of the
future Kangaron Island, the ancestral Field River had
i steeper gradient. and had ¢t i gorge hack mta the
tace ol the Mt Lofty Ranges. Ay the sea rose Trom
this lawer fevel, the niver™s gradient decreased (and
faifall may also have decreased ) and the sorge
begian o sllup.

It appears that. possibly doring a Tocal Tash-Tood
some 35 thousand years ago. o Diprotodon died angd
Wi swept downstream with other hones that had
Peen picked up wlony the way. untl (he slreaim
veloerly dropped  andror the carcass reached oan
ephemeral pool where it settled, Sand from the Tinal
ush ot Mogd water camie Lo rest on and around e
budy, which wos not epmpletely buricd, The pool
silted up and exposed bope disintegeated under the
elfeets of the elements (Behrensmeyer [978) and
possibly scavengcers. Later, another Hood hrought »
layer of gravel, ina process that was o be repeated
for cenluries as fhe valley seaduully  [illed wilh
sediment

The present gorge/valley was prabably ncised 0
the older sediments by 4 r¢juvenated stream a the
heteht of the s wlacial maximum, when the
gradienl wus pguin increased, or o he carly
Hloeene. when rainfall inereased, It is possible that
the wvery  tumbled  and  heach-rolled  isolaed
Diprotodon molar, tound in 1971 by nine year-old
Jonathon ieker (Anon, 19710 in beach uravels al
Ihe mowh ol the Ficld River was washed out ai this
tme. but it 15 more likely that 1t was uncovered
during the road=huilding operduon carlice m the 204
Century und bull-dozed into the creck, (o be carrcd
by Tood-waters to the sea.

The siwe ol the Dyl bones has sinee been
marked with g small eirn and plague by the Hlatlen
Cuove Progress Assoviation,

The age ol this specimen. as presented here, s
close 1o thut of the putative avival of" (he Tirst
Aborigmes i Austradia CLhorpe of afe 1999 bul see
PBowler & Magee 20000 Gillespie & Reberts 2000y
A human Factor has been supgested i the Australinn
mepataunal extinehion (Flamery 1994, cither by
dieet hunting or by coviconmental modileation. and
certinn sries, v, Cuddie Springs, norfhwestern New
South Wiles (Field & Dodsonr 1999y, have heen
claimed 1o show evidence of interaction: berveen
Benmans wnd mega i Ui hes been ehillenped or
Luddic Springs (Roberly er af, 2007). The 1 allell
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Cuove specimen gives no indication of buichery, nor
ideed of seavenging, with the remaining bones still
articulated. ft cannot therefore be used as cvidence
cither way.

Conclusions

Fossil bones Tound in Quaternary sediments in the
bank of the Field River, Hallett Cove, represent the
partial  skeleton  of,  probably, an  immature
Diprotaddon, which was boneied in an overbank
deposit of the ancestral stream. 'Fhermolummeseence
dating of the sediments has given an age of between
42-70 thousand years before present at the 93%

CHUTTON

confidence level. This js close to the proposed date
(Roberts er al. 2001) of 46 400 years BP tor the
megathunal extinction event in Australia. However,
there is no indication of a human facior involved in
the death of this animal,
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